INTRODUCTION
Work-Related Musculoskeletal Disorders (WRMD's) are increasingly becoming more prevalent in the American workforce. The introduction of computer-based technology seems to have been accompanied by an increase in WRMD's. Computer-based technology seems to intensify work so much as to create stressful and unhealthy working conditions. There are theoretical reasons to believe that work organization factors can play a role in the report and development of WRMD's (Smith and &rayon, 1996; Sauter and Swanson, 1996; Canyon et al., 1999) . The aim of this project was to examine the effectiveness of work organization interventions in preventing or reducing work-related musculoskeletal disorders among office/computer workers.
METHODOLOGY
The project was conducted at a large state agency facility where there is extensive use of computers in a variety of occupations. The overall study design was based on a before/after measurement design with three rounds of data collection. Three groups participated in the study. A total of 93 people participated in the three rounds of questionnaire survey, but only 66 participated in all three rounds of questionnaire.
Baseline measurements of the working conditions and employee health status were taken in each of the three groups. Following baseline measures, a work organization intervention was implemented for each work group at different points in time. In group #l, the intervention was put in place between Round 1 and Round 2. In group #2, the intervention was developed between Round 1 and Round 2, but not put into place until after Round 2. In group #3, the intervention was both developed and put into place between Rounds 2 and 3.
Several types of data were collected throughout the study: questionnaires, ergonomic evaluations, observations and postural analyses, cortisol physiological stress measures, EMG physical stress measures, performance data, and interview data (in group #2 only). In this paper, we report results of some of the questionnaire data analyses. We focus on the analyses examining the relationship between psychosocial work factors, stress/QWL (Quality of Working Life) and musculoskeletal discomfort.
The questionnaire is based on the University of Wisconsin-Madison Office Worker. This self-administered questionnaire is a comprehensive instrument that examines several facets of employee perceptions of their job, psychosocial work factors, ergonomic factors, current employee health status, health complaints, mental mood states and somatic complaints. For more details on the questionnaire, please contact the first author. Both the content of the intervention and the processes of implementation of the intervention are important factors to consider in achieving the desired outcomes. The c"ntent of the interventions tested in this project was decided using B participatory ergonomics process (Haims and Carayon, 1998) . This study shows the feasability of work organization interventions based on participatory principles in office/computer work. In "UT study, for each intervention, a project team was formed to serve as a liaison between employees and researchers, decide upon the content of the intervention and plan for the implementation of the intervention. Each project team included production employees, union representatives, managers and researchers. A participatory process with continuous learning (e.g., from data feedback), feedback (e.g., from employees regarding intervention ideas) and feedback control was used t" design and implement the interventions among the project teams. Intervention content included participation and enhanced group/team work for all work group employees. In group #I, the intervention consisted of the following elements: establishment of bi-weekly staff meetings, provision of employee training, formation of temporary employee Project Groups t" accomplish specific objectives, implementation of a suggestion/question box in the work area, and job enrichment, i.e. increased responslbdltles for the employees. In group #2, the intervention consisted of the creation and implementation of a document entitled "The MCSS Declaration of Improvement" that specifies how work is to be organized and continuously improved upon in the work area. The major part of the document discusses the purpose and development of self-directed work teams in the work area. In group #3 which had already implemented team work before the study started, the intervention consisted in changing the structure of the daily work unit meetings.
STATISTICAL ANALYSES
A number of statistical analyses were performed to examine the relationships between psychosocial work factors, on one hand, and stress/QWL and musculoskeletal discomfort, on the other hand. The repeated measures analyses had shown changes in s"me of the study variables (for preliminary results of the repeated measures analyses, see . The next step in the overall analysis involved the analysis of relationships between changes among the study variables over time. The following process was used in the relationships analysis: .
Step 1: select "utc"me variables in order to reduce the number of statistical analyses .
Step 2: conduct correlation analysis t" examine the relationship between psychosocial factors, QWLlstress and musculoskeletal discomfort .
Step 3: conduct regression analysis to identify the main psychosocial factors that are determinants of QWWstress and musculoskeletal discomfort .
Step 4: conduct structural equation modeling t" examine the relationships between psychosocial factors, QWListress and musculoskeletal discomfort .
Step 5: build the best model using structural equation modeling techniques.
RESULTS

Correlation analysis
We conducted correlation analysis on the following data: .
Round 1 versus Round 1 .
Round 2 versus Round 2 .
Round 3 versus Round 3 .
Round I versus Round 2 .
Round 1 versus Round 3 .
Round 2 versus Round 3. We examined the correlations between each psychosocial work factor and the three measures of "utc"me (anxiety, hand-arm discomfort, total musculoskeletal discomfort) for each of the 6 combinations of rounds. We looked for the psychosocial work factors that were consistently related to the 3 outcomes, that is those factors that had at least 2 "ut of 3 significant correlations for each of the 6 combinations of rounds. Only three psychosocial factors were consistently related to anxiety and musculoskeletal discomfort: . decision control .
group cohesiveness .
open group process. Two other factors were also highly correlated with the outcomes, but each had only one significant correlation with the 3 "utcomes for one of the combinations of rounds: . co-worker social support .
concern for job future.
Regression analysis
Regression analysis was conducted to identify the main determinants of anxiety and musculoskeletal discomfort. The psychosocial factors which were identified as correlates in the correlation analysis were used in the regression analysis. Forward regression analysis was used to select those psychosocial factors which explained the largest proportion of the variance of the outcome variable. The following regression analyses were performed: . 
Structural equation modeling
The objective of the structural equation modeling analysis was to examine relationships between psychosocial factors, anxiety and total musculoskeletal discomfort over time. For each psychosocial factor, we computed two change SC"*~S: . a change score between round I and round 2 . a change score between round 2 and round 3. The change scores and the baseline (Round 1) variable were used in each model. Separate models were tested for each psychosocial factor with each outcome variable. With regard to anxiety, we found baseline effects of all of the psychosocial factors. High anxiety at Round 1 was related to high role ambiguity, quantitative workload, negative interaction with one's supervisor, work pressure, and concerns for job future, and low participation, challenge, decision control, group cohesiveness and open group process. High anxiety at Round 2 was related to high role ambiguity and concerns for job future, and low group goal clarity, group cohesiveness and open group process. High anxiety at Round 3 was related to high role ambiguity, quantitative workload and concerns for job future, and low participation and challenge.
We increased group cohesiveness between Round 1 and Round 2. With regard to total musculoskeletal discomfort, we found baseline effects of all the psychosocial factors, except for negative interaction with one's supervisor. High total musculoskeletal discomfort at Round I was related to high role ambiguity, quantitative workload, work pressure, and concerns for job future, and low participation, challenge, decision control, group goal clarity, group cohesiveness and open group process. High total musculoskeletal discomfort at Round 1 was also related to high anxiety at Round 1. High total musculoskeletal discomfort at Round 2 was related to high role ambiguity and concerns for job future. High total musculoskeletal discomfort at Round 3 was related to low role ambiguity, and high group goal clariety.
We found the following relationships between total musculoskeletal discomfort and change scores of several psychosocial factors and the change scores of anxiety: . low total musculoskeletal discomfort at 
Model building
The objective of this analysis was to build an empirically sound model of the relationships between psychosocial factors, anxiety and total musculoskeletal discomfort. The measures of anxiety and total musculoskeletal discomfort were used as outcome measures. In addition, the measure of anxiety was used as a predictor of the measure of total musculoskeletal discomfort.
In the final model, the 3 measures of anxiety were related to each other. We found baseline effects of quantitative workload, concerns for job future and group cohesiveness on anxiety. High quantitative workload and concerns for job future and low group cohesiveness at Round I were related to high anxiety at Round 1. The baseline measures of concerns for job future and open group process were related to anxiety at Round 2, and the baseline measures of concerns for job future and challenge were related to anxiety at Round 3. High concerns for job future at Round 1 wils related to high anxiety at Round 2 and low anxiety at Round 3. Low open group process at Round 1 was related to high anxiety at Round 2. Low challenge at Round I was related to high anxiety at Round 3.
The 3 measures of total musculoskeletal discomfort were related to each other. We found baseline effects of open group process on total musculoskeletal discomfort. Low open group process at Round I was related to high total musculoskeletal discomfort at Round 1.
We found relationships between anxiety and total musculoskeletal discomfort. High anxiety at Round 1 was related to high musculoskeletal discomfort at Round 1, but low anxiety at Round I was related to low musculoskeletal discomfort at Rounds 2 and 3. High anxiety at Round 2 was related to high musculoskeletal discomfort at Round 2, but 2-172 low anxiety at Round 2 was related to high musculoskeletal discomfort at Round 3.
We 
DISCUSSION AND CONCLUSION
A number of statistical analyses were performed to examine the relationships between psychosocial work factors, on one hand, and stress/QWL and musculoskeletal discomfort, on the other hand. Regression analyses found that open group process, group cohesiveness, concerns for job future and quantitative workload were the main predictors of anxiety, hand-arm discomfort and total musculoskeletal discomfort. These results are somewhat unexpected given the large literature on occupational stress showing the very importance ofjob control. Whereas the repeated measures analyses found some positive effects on job control and participation for 2 of the 3 groups, the regression analyses and the model building analyses do not confirm the importance of job control and participation in predicting stress/QWL and musculoskeletal discomfort. These analyses actually demonstrate the importance of group characteristics and concerns for job future. In particular, the variables of open group process and group cohesiveness, and of concerns for job future were found to be the most important psychosocial work factors in predicting anxiety and musculoskeletal discomfort. The variable of concerns for job future cannot be related directly to the interventions put into place in the three groups. On the other hand, the variables of open group process and group cohesiveness can be directly related to the content and process of the interventions. The interventions included various forms of group work. First, the process of the intervention was managed by project teams. Second, the content of the various interventions dealt with team work. In group #l, temporary employee project groups were formed to accomplish specific objectives. In group #2, the intervention was aimed at setting up a document and the associated system and mechanisms to improve the self-directed work team organization. In group #3, the structure of the daily work team meetings was re-organized. It is therefore encouraging to find relationships between measures of group characteristics and outcome variables. Improvements in group characteristics between rounds 1 and 2 and between rounds 2 and 3 were found to be related to low anxiety and low musculoskeletal discomfort.
Our study had some limitations that can impact its generalizability, in particular with regard to the characteristics of our sample, i.e. public sector employees of one organization, and a limited size. It should be, however, recognized that our study methodology could not have been implemented on a larger scope, except with a much higher level of ressources. Even though our sample is limited, our study provided some interesting results on the implementation of work organization interventions that could be extended to other organizations.
Our study confirms the importance of a systems approach for examining psychosocial work factors. Whereas most research on occupational stress emphasizes the importance of job control, work demands and social support, our results show the large influence of group characteristics and concerns for job future in explaining stressiQWL and musculoskeletal discomfort.
